Summary Medicare claims data were used to investigate associations between history of previous fractures, chronic conditions, and demographic characteristics and occurrence of fractures at six anatomic sites. The study confirmed previously established associations for hip and spine fractures and identified several new associations of interest for nonhip, nonspine fractures. Introduction This study investigates the associations of a history of fracture, comorbid chronic conditions, and demographic characteristics with incident fractures among Medicare beneficiaries. The majority of fracture incidence studies have focused on the hip and on white females. This study examines a greater variety of fracture sites and more population subgroups than prior studies.
Introduction
Prospective cohort studies indicate that the incidence of fragility fractures increases with age [1] [2] [3] , is higher among women than men [2] [3] [4] [5] [6] [7] , and is higher among whites than other ethnic subgroups [8] [9] [10] . Other risk factors include low bone mineral density [11, 12] , history of prior fracture [13] [14] [15] [16] , history of falls [17, 18] , chronic medical conditions including diabetes [17] , renal disease [19] , depressive illness [20] , low body weight [21] , and use of certain medications (e.g., glucocorticoids) [22] . Much of this research has concentrated on hip fractures. Vertebral fractures have been less well-studied, and data on the incidence of nonhip, nonvertebral fractures are relatively sparse [23] .
Medicare beneficiaries have a high risk of fragility fractures due to age. Research using Medicare claims data has estimated the incidence of fractures at various anatomic sites by age, race, and sex [4, [24] [25] [26] and by geographic region [27] [28] [29] [30] . Several other studies have evaluated a single fracture site [31] [32] [33] [34] . Studies of potential risk factors for fractures among Medicare beneficiaries have been limited to demographic factors, to a single clinical risk factor or to special populations, such as nursing facility patients [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . No study of Medicare beneficiaries has used nationwide data to analyze the relation between multiple clinical factors and the incidence of fractures at various sites.
We used recent Medicare claims data to examine the incidence of fracture at six anatomic sites in a sample of beneficiaries. The use of Medicare claims offers two distinct advantages. First, we are able to examine differences in fracture incidence by detailed population subgroups, including Asian-and Hispanic-Americans. Second, longitudinal claims data allow us to examine the association between prior fractures and chronic conditions and sitespecific fracture incidence.
Materials and methods

Study design and data sources
We conducted a retrospective cohort study using claims from 2000 to 2005 for a 5% random sample of Medicare beneficiaries, obtained from the Center for Medicare and Medicaid Services (CMS) Chronic Condition Warehouse [45] . The data consisted of beneficiaries' claims for all Medicare covered services and included International Classification of Diseases, Ninth Revision (ICD-9) diagnosis and procedure codes, as well as Healthcare Common Procedure Coding System (HCPCS) codes indicating surgical, diagnostic, or other medical procedures performed. We used the Medicare data to identify cohorts at risk of developing fractures at six of the most common fracture sites among older adults (spine, hip, distal radius/ ulna, tibia/fibula, humerus, and ankle) and to identify incident cases of these fractures. The study protocol was approved by the Institutional Review Board at the University of Alabama at Birmingham and by CMS.
Eligibility
We studied a "baseline" cohort of beneficiaries who had fee-for-service coverage continuously for at least 13 months, were included in the 5% national sample, were 65 years of age or older as of their first month of coverage, and lived in the fifty States or the District of Columbia. In order to minimize missing data and to ensure completeness of beneficiary data/case ascertainment, we excluded beneficiaries without both Medicare Parts A and B coverage and those enrolled in a Medicare Advantage plan at any time during the observation period. This restriction was necessary because medical care transactions for these beneficiaries may not be reported completely to CMS.
For the analysis of each specific fracture site, we further restricted the baseline cohort to beneficiaries who did not have any claim for that particular fracture during their first 12 months of Medicare coverage. We applied this restriction in order to avoid misclassification of prevalent fractures as incident fractures. Follow-up of beneficiaries began at the start of the thirteenth month of continuous enrollment in Medicare. Follow-up continued until the occurrence of the first fracture of the site being analyzed, loss of full Medicare coverage, death or December 31, 2005, whichever was earliest.
Incident fractures
We identified incident fractures using ICD-9 diagnosis codes and HCPCS procedure codes specific to the particular fracture sites. Similar approaches have been used and validated by other investigators [4, 25, 46, 47] . A "qualifying" claim for an incident fracture had to occur on or after the follow-up start date and before the end of the study period and had to be one of the following: (1) an inpatient hospital claim with a discharge diagnosis of the specific fracture (for spine fractures, we counted only primary diagnoses; for other fractures, we counted both primary and secondary diagnoses), (2) a physician or outpatient hospital claim for the fracture diagnosis code accompanied by a HCPCS code for a site-specific fracture repair, or (3) for spine fractures only, a physician evaluation and management claim with a spine fracture diagnosis code, plus, up to 10 days earlier, a HCPCS code for spine imaging [47] . We selected fracture sites for inclusion in the analysis based on frequency of their occurrence in the Medicare data. Our fracture identification algorithms are available upon request.
Independent variables
Medical variables analyzed for possible associations with fracture included indicators for previous fractures at specific sites and comorbid chronic conditions, including glucocorticoid-related and fall-related (predisposing to falls) conditions, diabetes, renal disease, depressive illness, acute myocardial infarction, other heart disease, bone disease, and cancer. The Appendix provides the ICD-9 diagnosis codes used to identify the chronic conditions. Glucocorticoid-related conditions included illnesses for which glucocorticoid medications typically are prescribed; we did not have data on actual medication use. Each claims-based medical history variable was treated as timedependent and was measured on a monthly basis. In order to avoid misclassifying fractures and chronic conditions diagnosed concurrently with an incident fracture as medical history, in each month of follow-up we counted only those claims occurring at least 3 months earlier. We classified a beneficiary as having a history of the other chronic conditions if the beneficiary's inpatient, outpatient hospital, or physician claims records included at least one claim with an ICD-9 code pertaining to the condition (see Appendix).
Demographic variables analyzed for possible associations with fracture were age, gender, race, urban or nonurban residence, geographic region, and income. We analyzed age as of the start of follow-up and also as a timevarying covariate, using categories of 65-69, 70-74, 75-79, 80-84, and 85+ years. Categories of self-reported race/ ethnicity were white (referent group), African-American, Asian-American, Hispanic-American, and other. These data did not allow classification of the Hispanic-American population by race. We included Native Americans in the "other" category due to small numbers. We determined urban vs. nonurban residential status by linking beneficiaries' nine-digit ZIP Codes to the rural-urban commuting area code for the corresponding census block group [48, 49] . We also used beneficiaries' ZIP Codes to assign them to one of four United States (US) Census Bureau-defined geographic regions: Northeast (referent group), Midwest, West, or South. We assigned each beneficiary to an income category (<$30,000 (referent group), $30,000 to <$45,000, $45,000 to <$60,000, $60,000 to <$75,000, and $75,000 or more) by linking his or her census block group of residence (based on the nine-digit ZIP Code) to the Census 2000 median income data [50] .
Statistical analysis
Descriptive analyses of the baseline cohort included frequency distributions and median values, where appropriate, for each demographic variable. We used Poisson regression to estimate adjusted rate ratios (RRs) and 95% confidence intervals for each type of incident fracture, for the entire cohort and separately for women and men. The analytic approach allowed a person with a first fracture at a particular anatomic site to be eligible for subsequent fractures at other anatomic sites but not at the same site. RRs for each time-dependent medical history variable were adjusted for all demographic variables, as well as for all of the other medical history variables. We also performed an analysis stratified according to reported history of osteoporosis or osteopenia. A history of osteoporosis or osteopenia may have implications for a fracture being considered osteoporotic, particularly as we have not excluded fractures due to high trauma. Analyses were performed using SAS (SAS Institute, Inc., Cary, NC, USA). We present results in tabular form for the entire cohort of women and men, combined, and mention gender-specific results in the text only when findings differed for women and men. Because of the large size of the study, conventional statistical significance was not a useful criterion for identifying results of potential interest. Thus, we focused instead on statistically significant results that had an RR of at least 1.2 or less than 0.9, both for women and for men.
Results
The baseline cohort of 1,694,051 eligible beneficiaries was 58% women and 88% white and had a median age 72 years (Table 1 ). The median income in the census blocks where beneficiaries lived was $40,541 in year 2000 dollars. About 73% of subjects began follow-up in 2000. Women and men were similar with regard to demographic variables. For each cohort, the average amount of follow-up was 4.2 person-years.
The number of incident fractures by site was largest for hip (N=60,354), followed by spine (N=44,075), distal radius/ulna (N=24,655), humerus (N=19,393), ankle (N= 13,454), and tibia/fibula (N=6,385; Table 2 ). The positive association with age was strongest for hip and spine fractures, intermediate for distal radius/ulna, humerus, and tibia/fibula fractures, and weakest for ankle fracture.
Men had a lower rate of each type of fracture than women. Median household income was associated inversely with the incidence of all six fracture types. Nonurban/urban residence was largely unassociated with incident fractures. Hip and spine fracture rates were highest in the South, whereas rates of the other four types of fracture were highest in the Northeast. Hip fracture was the only type of fracture displaying a trend of decreasing incidence over the 6-year study period, and spine fracture was the only fracture for which the incidence appeared to increase during the study years. Asian, African, and Hispanic-Americans showed lower fracture incidence than white Americans for all sites, and Asian and African-Americans showed lower incidence than Hispanic-Americans for all sites. For fractures of the ankle and the tibia/fibula, incidence was lowest among Asian-Americans. For fractures of the hip, spine, distal radius/ulna, and humerus, incidence was lowest among African-Americans. Histories of hip and closed spine fractures were associated with each incident fracture site except ankle (Table 3) . RRs for positive associations with a history of hip fracture ranged from 1.33 for incident distal radius/ulna fracture to 1.75 for incident tibia/fibula fracture. RRs for positive associations with a history of closed spine fracture ranged from 1.38 for incident distal radius/ulna fracture to 1.63 for incident hip fracture. For incident ankle fracture, a history of hip fracture was protective (RR=0.86), and there was no association with a history of spine fracture. History of fractures at nonhip, nonspine sites were associated positively with most types of incident fracture, although associations tended to be weaker and less consistent for histories of carpal bone, femur (other than hip), and ankle fractures than for other nonhip, nonspine sites. A history of glucocorticoid-related conditions was associated weakly with each type of incident fracture, but Table 3 ). Fall-related conditions and depressive illnesses were associated with an RR of at least 1.2 for each type of incident fracture. Diabetes was associated positively with ankle and humerus fractures. Other positive associations reported in Table 3 were inconsistent for women and men.
Discussion
Compared with previous research on fractures among Medicare beneficiaries, our study examined a more recent time period, focused on minority and ethnic populations, and assessed a broader range of potential risk factors in relation to greater variety of nonhip, nonspine fracture sites.
In particular, our assessment of income, fracture history, and history of individual comorbid conditions as potential risk factors for incident fractures among Medicare beneficiaries is novel. The following discussion concentrates on several interesting associations emerging from these new analyses, including those pertaining to income and to history of prior fractures, diabetes, conditions for which glucocorticoid medications are prescribed, and depressive illnesses. We observed a decrease in hip fracture incidence and an increase in spine facture incidence over the 6-year study period. A possible reason for the decrease in hip fractures, which has also been reported recently in another US study [26] and a Canadian study [51] , is better screening and rates of treatment. It is possible that the apparent increase in spine fracture is attributable to improved detection and/or reporting, through both increased awareness of osteoporosis and increased screening. Tables 2 and 3 b Rate ratio not computed: by design, the cohort for each incident fracture site excluded beneficiaries with a history of that fracture site c Conditions included in each category, with accompanying ICD-9 codes, are listed in the Appendix
We found an inverse relationship between median household income in a beneficiary's census block group, a proxy measure of socioeconomic status (SES), and incidence of each fracture. This relationship has been investigated previously in the US only for hip fracture, with results similar to ours [40, 52, 53] . SES affects the likelihood of receiving screening and preventive services, medication adherence, and overall health status. Thus, our finding underscores the need for targeted fracture interventions.
Prior fracture is a significant predictor of subsequent fracture among older adults [13, 14, 17, [54] [55] [56] [57] [58] [59] [60] . In our study of Medicare beneficiaries, histories of typical osteoporotic fractures (hip, spine, and distal radius/ulna) were associated positively and consistently with the incidence of each of the six fracture types analyzed, except for ankle fracture. Furthermore, prior fractures at most traditionally understudied, nonhip, nonspine sites, were associated positively and consistently for women and men with the incidence of traditional fragility fracture incidence sites (hip, distal radius/ulna, and spine), as well as with fractures of the humerus and tibia/fibula. Among the nonhip, nonspine sites examined as prior history risk factors, associations were least consistent across the incident fracture sites for history of ankle, carpal bone, and femur (other than hip) fractures than for history of other nonhip, nonspine sites-results consistent with previous research. In our study, a history of hip fracture was protective for incident ankle fracture. We speculate that this unexpected result might be due to lower mobility following a hip fracture and the consequent limited opportunity to sustain an ankle fracture.
Others have reported an association between depressive illnesses and fracture [61] . Depressive illnesses are associated with many chronic conditions and may constitute a component of an overall frailty syndrome [62] . In addition, depressive illnesses are often treated with antidepressants and sedatives, which increase the risk of falls [63] . Furthermore, depressive illnesses have been independently associated with both low bone mineral density [64] and with fragility fractures [61] . In our study group, the most common depressive illnesses were depressive disorders not elsewhere classified, neurotic depression, major depressive disorders, and senile dementia with depression.
We observed that a history of glucocorticoid-related conditions was associated weakly with all fracture types, but the relationship was characterized by an RR of at least 1.2 for both women and men only for spine fracture. These results are consistent with past research showing that longterm glucocorticoid use consistently leads to secondary, medication-induced osteoporosis and increased fracture risk, particularly for sites of trabecular bone such as the spine and hip [22, 54] . It was somewhat surprising that our study found an RR as high as 1.47 for glucocorticoidrelated conditions and spine fracture, given the relatively large amount of misclassification for this type of fracture [47] , as well as the misclassification and diversity of the conditions presumed to be treated with glucocorticoids, the most common of which in our study group were chronic obstructive pulmonary disease, chronic bronchitis, asthma, rheumatoid arthritis, and emphysema.
Previous studies of the relationship between diabetes and fractures have reported positive associations for fractures of the ankle [65, 66] and humerus [67, 68] that are consistent with our results. In contrast to previous research [69] , we did not find an increased rate of hip fracture among people with a history of diabetes. Possible reasons for our null results include bias towards the null due to misclassification and our inability to analyze time since diagnosis and severity of diabetes. Multiple mechanisms by which diabetes may increase the risk of fracture have been proposed [70] . Although diabetes is associated with higher bone mineral density, bone mineral density measurements may not fully reflect bone strength [70] , and Thrailkill et al. [71] have suggested that insulin has an anabolic effect. Reduced skeletal load, which may result from physical inactivity often associated with diabetes, may decrease bone strength [72] and diabetic complications, such as retinopathy, peripheral neuropathy, and renal insufficiency, and increase the risk of falls.
A history of fall-related conditions was associated positively with all six incident fracture sites. Falls are strongly associated with fractures [73] , and a number of conditions predispose older Americans to falls, the most common of which in our analysis were history of overall body weakness and fatigue, stroke, senile and presenile organic psychotic conditions, Alzheimer's disease, and previous accidental falls.
With regard to commonly analyzed demographic factors, our findings support those of other studies of fracture incidence among Medicare beneficiaries. For example, earlier studies of Medicare beneficiaries noted that hip fracture rates were highest in the South [27] or Southeast [30, 33, 74] , that rates of hip, spine, and nonhip/ nonspine fractures were higher for whites than for blacks [8, 9, 24, 46] and that rates of most fractures were higher for women compared to men [4] . Our finding of a higher incidence of clinical spine fractures in the South has not previously been reported, and it could represent true variation in fracture incidence or variation due to differences in detection.
Asian, African, and Hispanic-Americans had lower incidence rates than white Americans for all fracture sites. Consistent with other studies [9] , we found that AfricanAmericans had the lowest rate of hip fracture. However, Asian-Americans had the lowest rate of ankle and tibia/ fibula fracture, a finding not previously reported. AsianAmerican women have relatively low bone mineral density compared to white women [9, 75, 76] and women of other racial and ethnic groups [9, 75] , and Asian descent is often listed as a risk factor for osteoporosis [77] . However, studies examining hip fracture by race have found lower fracture rates among Asian than white Americans [9, 35, 78] . A reason hypothesized for the lower rate of hip fracture among Asian-Americans is a difference in hip geometry [75, 79, 80] . This may not explain the lower fracture rates for other anatomic sites. Several studies have reported hip fracture incidence rates for Hispanic-Americans greater than for African-Americans but less than those for white Americans [9, 36] . Our findings support those for hip, and we found this relationship to hold true for all other fracture sites examined. Lauderdale et al. [36] found marked differences in hip fracture rates among different Hispanic subpopulations, suggesting that considerable heterogeneity may be masked by our analysis of the Hispanic population in aggregate.
Our results for ankle fracture differed from those for other fracture sites, suggesting, as reported by others, that determinants of ankle fracture may differ from those of other fractures [8, 81] , including foot fracture [82] . Among our findings for ankle fracture are associations with history of fracture of the distal radius/ulna, other radius/ulna, humerus, femur, and tibia/fibula. Others have reported a lack of association between bone mineral density and ankle fracture [81] [82] [83] and, consistent with our findings, no clear effect of age [82] . The extent to which osteoporosis may contribute to ankle fracture remains unresolved and must be disentangled from the role of trauma, diabetes, overweight and obesity, and other health conditions.
Our results add to ongoing deliberations about which fractures may be considered osteoporosis-related [4] . To the extent that observation of an increasing incidence of a fracture site with increasing age and a positive association with a history of prior fractures (especially those of the hip and spine) suggest that the fracture is attributable to osteoporosis, our results support an attribution to osteoporosis for fractures of the hip, spine, distal radius/ulna, humerus, and tibia/fibula, but not for fracture of the ankle.
Our study has several strengths. Our large sample, including large numbers of racial and ethnic minorities, allowed us to evaluate fracture incidence for Hispanic and Asian-Americans, to examine the association between several chronic conditions, as well as a broad range of previous fractures and specific incident fracture sites.
Use of Medicare claims data has inherent limitations [32, 84, 85] . These include lack of information on medications, severity of the associated comorbidities, lifestyle factors, body composition of the patient, and radiographic or clinical test results, as well as inaccuracies and inconsistencies in data coding by medical providers. Despite our efforts to address these limitations through the development of comprehensive algorithms for identification of fractures and through the use of diagnosis codes to identify people who potentially have comorbidities, some misclassification may remain, leading to the underestimation of associations. Misclassification of race and ethnicity in the Medicare claims data may have resulted in undercounting of minority populations, particularly self-reported Hispanic-Americans [86] . Additionally, in interpreting the observed associations, the possible effect of multiple comparisons must be taken into consideration.
Because we did not have medication information, we used disease conditions for which glucocorticoids medications are prescribed as a proxy for actual use of these medications. This approach did not allow us to estimate the independent effects of these diseases and their treatments. The use of Medicare prescription drug data, available beginning in 2006, to examine these associations may be a useful direction for future research.
This study contributes to the understanding of patterns of osteoporosis-related fractures and of population groups at high risk for fracture, essential both to informing clinical practice and to targeting interventions. Targeted interventions addressing the risk of specific fractures should be developed for Americans of lower SES, those residing in the Southern US, and those with histories of conditions predisposing them to falls, conditions for which glucocorticoid medications are prescribed, depression, diabetes, renal disease, cancer, and those having sustained previous fractures. Additionally, our results suggest that the definition of osteoporosis-related fractures be expanded to include fractures having incidence rates that increase with age and those associated with increased risk of subsequent fracture. 
